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INVESTIGATION OF THE CAIQR3%IE;TRIC EFFICIE" 

OF A SPLIT-FXB UMBREUA-TYPE PARABOLOIDAL 

SOLAR ENERGY CONCEWXATOR 

By John D. Camp and William D. Nowlin 

SUMMARY 

An investigation of the calorimetric efficiency of a 10-foot-diameter split- 
rib umbrella-type paraboloidal solar energy concentrator was performed. 
method of fabricating this concentrator from a previously existing 60-rib 
umbrella-type concentrator is discussed. The split-rib configuration is illus- 
trated and some aspects of the design and construction of the spherical-type 
calorimeters are discussed. 

The 

Calorimetric tests were performed, employing three spherical calorimeters 
with 3-inch, 6.25-inch, and =-inch diameters. 
efficiency with the diameter ratio is shown and comparison with the previously 
tested 60-rib concentrator is made. Maximum geometrical efficiencies obtained 
were 100, 81, and 40 percent with the 12-inch-, 6.25-inch-, and 3-inch-diameter 
calorimeters, respectively. The experimentally obtained efficiencies are com- 
pared with theoretical values. 

The variation in the geometrical 
I 
1 

This investigation has demonstrated that attempts to improve the efficiency 
of an .umbrella-type concentrator by increasing the number of ribs without signifi- 
cantly decreasing the stress-geometry parameter result in improvements which are 
small in comparison to what could be effected by reducing the stress-geometry 
parameter. 

INTRODUCTION 

Solar energy concentrators employing reflective surfaces with a paraboloidal 
geometry have been investigated by a number of research organizations active in 
the area of auxiliary space power systems (ref. 1). 
designed to intercept and concentrate the solar electromagnetic radiation avail- 
able in space and to provide the necessary temperatures and heat inputs to oper- 
ate conversion apparatus such as turbogenerators and thermoelectric and thermionic 
converters. Variations in the methods of fabricating concentrators and the choice 
of basic structural materials are due primarily to the influence of such factors 
as the required power output, type of energy-conversion components, weight and 
payload packaging restrictions, and the desired concentrator efficiency. 

Such concentrators are 
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The basic  s t ruc tu ra l  elements of a so lar  concentrator are t h e  r e f l ec to r  face, 
The r e f l ec t ive  surface t h e  r e f l ec t ive  surface coating, and the  backing s t ructure .  

coating i s  applied t o  t h e  f ront  surface or face of t h e  concentrator i n  order t o  
obtain a high specular reflectance.  
t h i n  r i g i d  o r  p l i ab le  skin of m e t a l  o r  p l a s t i c  which i s  mounted on or attached t o  
t h e  backing s t ructure .  The concentrator i s  fabricated i n  such a manner t h a t  t he  
ref lector-face material o r  the backing s t ructure ,  o r  both, may ac t  as t h e  shape- 
determining s t ruc tu ra l  elements t o  achieve the  desired configuration. The types 
of concentrators under development d i f f e r  as t o  t h e i r  r e l a t i v e  s t ruc tu ra l  r ig id-  
i t y  and the  methods of deployment and maintenance of t h e  paraboloidal shape. I n  
general, they may be grouped in to  four  categories designated a s  r ig id ,  nonrigid, 
semirigid, and r igidized (ref. 2 ) .  

The re f l ec to r  face i s  generally made of a 

e 

The r i g i d  type of concentrator may be of single-unit  construction o r  may con- 
sist  of segmented panels which may be fur lab le  f o r  packaging and deployment. 
e i t he r  case, the  r e f l ec to r  s t r u c t u r a l  elements cannot be bent o r  folded without 
damage t o  the  concentrator. The nonrigid, semirigid, and r igidized types a re  
similar i n  t h a t  a l l  employ a t h i n  p l i ab le  f i l m  as a r e f l ec to r  face,  but d i f f e r  
i n  the  manner i n  which t h e  f i lm i s  supported. Essent ia l ly ,  t he  nonrigid type has 
no backing s t ruc ture  other than t h e  r e f l ec to r  f i lm i t s e l f ,  and it employs a uni- 
form force f i e l d  such as gas pressure o r  centr i fugal  force t o  s t r e s s  the  skin t o  
the  paraboloidal configuration. The r igidized type i s  deployed i n  the  same manner 
as t h e  nonrigid concentrator and a r i g i d  backing s t ruc ture  i s  formed a f t e r  the  
deployment i n  space by using p l a s t i c  foam o r  some other  hardening agent. In  the  
semirigid type of s t ruc ture ,  t h e  r e f l ec to r  face o r  skin mater ia l  i s  supported a t  
d i scre te  l i nes  o r  points  by r e l a t ive ly  r i g i d  backing elements. 

I n  

There a re  various problems associated with each of t he  above types of con- 
centrators .  Investigations thus far  seem t o  ind ica te  t h a t  only the  r i g i d  type of 
s t ruc ture  i s  capable of t h e  high degree of geometrical accuracy required f o r  such 
high-temperature applications a s  thermionic systems. However, it i s  possible 
that with fur ther  development and a more carefu l  design, a nonrigid, semirigid, 
o r  r igidized type of concentrator can be constructed t h a t  w i l l  be su i tab le  f o r  a 
high-temperature system. The advantages of these types a re  that they a re  gener- 
a l l y  l i gh te r ,  can be folded and packaged i n  a smaller volume, and can therefore  
be made la rger  than t h e  r i g i d  type. 
su i tab le  f o r  t h e  lower temperatures a s  required by the  thermoelectric- and 
turbogenerator-type conversion systems. 

A t  t he  present s t a t e  of development they a re  

Research i n  t h e  so l a r  concentrator area has been conducted a t  t he  Langley 
Research Center along the l i n e s  of  t h e  semirigid concept, employing a simple 
umbrella type of construction. 
mechanically erectable umbrella-type concentrator employing tapered aluminum 
ribs with an aluminized mlar re f l ec t ive  surface have been reported i n  refer-  
ence 3. I n  t h i s  type of s t ruc ture  t h e  r e f l ec t ive  membrane i s  attached t o  t he  
r i b s  so as t o  exert  t h e  necessary bending moments t o  p u l l  t he  r ib s  in to  a para- 
bo l i c  shape. The tension i n  the  membrane i s  suf f ic ien t  t o  remove the  wrinkles 
and t o  form smooth f l a t  re f lec t ing  segments between t h e  r ibs .  It i s  apparent 
t h a t  there  a re  inherent geometric e r rors  i n  such a concentrator due t o  t h e  f l a t  
segments between t h e  r ibs .  The desired paraboloidal geometry can be more closely 
approached by increasing t h e  number of ribs and hence reducing the  width of these 
f l a t  segments a s  much as possible.  

The r e su l t s  of an invest igat ion of a 60-rib 
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The results of t he  t e s t s  performed on the  
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60-rib concentrator indicated that it would be desirable  t o  improve the  surface 
geometry by increasing t h e  number of r ibs .  
t h e  60-rib concentrator w a s  performed by s p l i t t i n g  each r i b  i n  half from t h e  t i p  
of t h e  rib down t o  a point chosen so t h a t  i n  the  erected posi t ion t h e  number of 
r i b s  w a s  e f fec t ive ly  doubled over approximately 80 percent of t he  projected fron- 
t a l  area of the  concentrator. Calorimetric t e s t s  w e r e  performed on t h e  s p l i t - r i b  
concentrator and data are presented and compared herein with t h e  performance of 
t h e  previous model. 

A modification i n  the  construction of 

A area,  sq  f t  

C V  spec i f ic  heat, Btu/lb-OR 

d calorimeter diameter, f t  

D concentrator diameter, f t  

K stress-geometry parameter 

W mass flow ra te ,  lb/hr 

Q heat flux, Btu/hr 

t o t a l  energy avai lable  from sun, AcQi, Btu/hr a, 
T temperature, OR 

a absorptance 

7 reflectance 

E emittance 

l-l e f f ic iency 

U stress, lb/sq in .  

Subscripts : 
b 

b calorimeter 

C concentrator A 

Q geometrical 

i incident 
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S meridional d i rec t ion  

S '  circumferential  direct ion 

U usable 

1 i n  

2 out 

DESCRIPTION OF TEST CONCENTRATOR 

The t e s t  concentrator w a s  a modified 60-rib umbrella-type paraboloidal so l a r  
concentrator. 
so that each r i b  e f fec t ive ly  became t w o  r i b s  from a radius of 26.4 inches from 
the  o p t i c a l  axis out t o  t h e  periphery of t he  concentrator. A new re f l ec to r  sur- 
face of 1/2-mil wlar with approximately 2,000 angstroms of vapor-deposited a h -  
minum was l a i d  on a p l a s t i c  parabolic mold. 
back s ide of t h e  r e f l ec to r  surface, with t h e  r i b s  being parted as shown i n  the  
sketch i n  f igure  1. The s p l i t  sect ion of t h e  r i b s  was spread t o  form a smooth 
curve u n t i l  t h e  ends were about 4 inches apart .  This w a s  done t o  keep the  folded 
concentrator from having any abrupt bends which could be bent out of  shape i n  the  
packaged condition. The ac tua l  shape of t h e  r i b  configuration can be seen i n  t h e  
photographs shown as f igures  2 and 3 .  

The r i b s  of t h e  previously t e s t ed  60-rib concentrator were s p l i t  

The r i b s  were then bonded t o  t h e  

A s  w a s  mentioned previously, t h e  width of the  f l a t  segments i s  qui te  impor- 
t a n t  s ince a beam of l i gh t  re f lec ted  from such a segment w i l l  have a width equal 
t o  t h e  width of t he  f l a t .  It i s  therefore  necessary t o  have a heat receiver o r  
calorimeter which i s  no smaller than the  m a x i m u m  f l a t  width i f  it i s  t o  be capa- 
b l e  of intercept ing a l l  t h e  radiat ion re f lec ted  f rom the  concentrator. 

The var ia t ion  i n  t h e  width of t he  f la t s  with the  distance from the  op t i ca l  
The dashed portion of the  curve axis of t he  concentrator i s  shown i n  figure 4. 

near t h e  or ig in  i s  due t o  the  f a c t  t h a t  t he  r i b  housing extends t o  a radius of 
6.25 inches. A s  can be seen from the  f igure,  t he  f l a t  width f o r  t he  s p l i t - r i b  
concentrator follows that of t he  60-rib concentrator t o  a radius of 26.4 inches 
A t  this radius t h e  r i b s  of t he  60-rib concentrator, whose var ia t ion  i n  f l a t  width 
i s  represented by t h e  dashed curve i n  f igure  4, were s p l i t  forming two flat-width 
portions which varied as shown by t h e  so l id  curves i n  f igure  4. 
on one of t he  portions increased from approximately 2.75 inches a t  a radius of 
26.4 inches t o  a m a x i m u m  of 3.5 inches a t  a radius of 43 inches and then decreased 
t o  2 .3  inches a t  the  concentrator r i m  while t h e  other f l a t  portion increased from 
0.0 inch a t  a radius of 26.4 inches t o  a m a x i m u m  width of 4.0 inches a t  the  con- 
centrator  r i m .  

The f l a t  width 

The concentrator fo lds  much t h e  same as a common umbrella with t h e  r i b s  
folding forward t o  form a s l igh t ly  tapered tube 6 f e e t  long and 121 inches i n  
diameter where the  r i b s  join the  hub. 
posi t ion i n  f igure  5. 
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The concentrator i s  shown i n  the  folded 

Details of t he  erect ion mechanism a r e  given i n  reference 3. 



APPARATlTS AND TEST PROCEDURE 

The calorimetric efficiency t e s t s  of t he  LO-foot-diameter sp t - r ib  concen- 
t r a t o r  were conducted i n  a closed shed which w a s  constructed f o r  t he  purpose of  
t e s t i n g  i n  the  presence of t h e  ac tua l  sun and which provides protection from 
winds which w o u l d  adversely a f f ec t  t he  test  r e s u l t s  obtained f o r  lightweight 
f l ex ib l e  s t ructures .  (See ref. 3 f o r  photographs and detai led description.)  

A l l  t h e  calorimetric efficiency t e s t s  which were performed were cold calo- 
rimeter tests employing spherical  calorimeters which operate with a w a l l  tempera- 
ture s l igh t ly  above t h e  temperature of t h e  surrounding a i r  so tha t  t he  e f fec ts  of 
reradiat ion and convection can be ignored. 
equator3-., mounting with an e l e c t r i c  clock dr ive f o r  maintaining alinement with 
t h e  sun. The alinement i s  or ig ina l ly  set by observing the  sun through an elbow 
telescope mounted p a r a l l e l  t o  t he  theore t ica l  op t i ca l  axis of  t he  concentrator 
near t h e  hub and i s  continually monitored during the  t e s t s .  The calorimeter i s  
a hollow sphere mounted on the  end of two concentric tubes, and the  tubes pass 
through the  concentrator a t  t he  hub. 
diameter calorimeter i s  shown i n  figure 6. The hemispherical wedge inside the  
spherical  calorimeter i s  used t o  channel t he  calorimetric f l u i d  along the  inside 
of t he  calorimeter w a l l .  
6.25-inch-diameter calorimeter and shows the  in t e rna l  construction. 
pumped through t h e  outside tube, forced against  t he  inner surface of  t he  sphere, 
and flows out through t h e  inner tube. 
measured by a system of d i f f e r e n t i a l  thermocouples mounted i n  the  i n l e t  and out- 
l e t  tubes. 

The concentrator w a s  mounted on an 

A cross-sectional drawing of t he  6.25-inch- 

Figure 7 i s  a photograph of t he  cutaway sections of t he  
Water i s  

The r i s e  i n  temperature of t he  water i s  

The experimental setup f o r  determining t h e  calorimetric efficiency i s  i l l u s -  
t r a t e d  schematically i n  figure 8. 
mined by use o f  a normal incidence pyrheliometer mounted on the  longitudinal axis 
of t he  mount. The m a s s  flow r a t e  of t he  water i s  measured with a turbine flow 
meter located i n  the  i n l e t  water l i ne .  The flow ra te ,  d i f f e r e n t i a l  temperature, 
and amount of incident so la r  energy a re  used t o  determine the  overa l l  efficiency 
of t he  co l lec tor  by use of t h e  following relat ion:  

The amount of  incident so la r  energy i s  deter- 

The d i f f e r e n t i a l  temperature AT i s  kept low so tha t  convection and radia- 
t i o n  losses  can be ignored, and t h e  i n l e t  water temperature i s  kept a t  t h e  same 
temperature as t h e  surrounding air  or s l igh t ly  lower. The geometrical eff ic iency 
of t h e  concentrator can be obtained by dividing t h e  overa l l  efficiency by the  
so l a r  reflectance of t h e  r e f l ec to r  surface and the  so la r  absorptance of t he  calo- 
rimeter. The geometrical eff ic iency can be expressed as 

=-!I.- 
% ycab 

A solar-reflectance value of 0.83 f o r  t h e  concentrator surface, used f o r  e f f i c i -  
ency calculations,  w a s  obtained from reference 3. 
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T e s t s  were conducted by using three  calorimeters having diameters of 
3 inches, 6.25 inches, and 12 inches. 
points  along the op t i ca l  axis t o  determine an experimental foca l  point.  

Ehch calorimeter w a s  positioned at  various 

RESULTS AND DISCUSSION 

The theore t ica l  foca l  length of the sp l i t - r ib  concentrator i s  30 inches. 
However, because of geometrical imperfections i n  the  ac tua l  concentrator surface 
and the spherical  type of calorimeters which were used, an e f fec t ive  foca l  point 
along t h e  opt ica l  axis at  which the  geometrical eff ic iency i s  a maximum must be 
determined exgerimentally f o r  each calorimeter. The point referred t o  i s  the  
measured distance along the op t i ca l  axis from t h e  vertex of the  paraboloid t o  t h e  
center of  the spherical  calorimeter. The ef fec t ive  foca l  point f o r  each calorim- 
eter i s  therefore  determined by moving the  calorimeter along the  op t i ca l  ax i s  and 
determining the  eff ic iency at  various points  u n t i l  a point of maximum eff ic iency 
i s  located. 

The graph i n  f igure  9 i l l u s t r a t e s  t he  var ia t ion  i n  geometrical eff ic iency as 
the  calorimeter i s  moved along t h e  op t i ca l  axis. The m a x i m u m  geometrical e f f i -  
ciences obtained were 40, 81, and 100 percent with the  3-inch-, 6.23-inch-, and 
12-inch-diameter calorimeters, respectively.  It can a l so  be seen from f igure  9 
t h a t  t h e  maxymum geometrical eff ic iency i s  obtained over a s m a l l  distance in t e rva l  
along the  opt ica l  axis rather than a t  a s ingle  point .  
with the  12-inch-diameter calorimeter apparently occurred when the calorimeter 
w a s  forward of t he  foca l  point as determined by the other two calorimeters. This 
w a s  due t o  an e r ror  i n  the  construction of t he  calorimeter and i s  explained i n  
reference 3 .  

The m a x i m u m  eff ic iency 

Perhaps it should be emphasized here t h a t  t h e  geometrical eff ic iency as it 
has been defined and used herein depends upon the  geometry and design of  both the  
concentrating mirror and the calorimeter. Then a geometrical eff ic iency of 
100 percent does not imply t h a t  the  concentrator i tself  i s  geometrically perfect ,  
but it indicates  t h a t  with t h e  pa r t i cu la r  concentrator-calorimeter system the  
maximum amount of intercepted solar  energy i s  being collected,  taking in to  account 
losses  due t o  the  reflectance of  t he  concentrator and absorptance of t he  
calorimeter. 

A good measure of the accuracy of t h e  surface geometry of t he  concentrator 
i s  i t s  a b i l i t y  t o  concentrate the  re f lec ted  solar  radiat ion within a s m a l l  region 
i n  the  foca l  plane. T h i s  i s  indicated i n  f igure  10 by a semilog graph of t h e  
var ia t ion i n  geometrical eff ic iency w i t h  t h e  diameter r a t i o  ( the square of the  
r a t i o  of the col lector  diameter t o  the  calorimeter diameter). The p lo t ted  points  
represent the  diameter r a t i o s  f o r  the  three d i f fe ren t  calorimeters which were 
employed. Figure 10 shows the  noticeable improvement of the s p l i t - r i b  concentra- 
t o r  over t h e  previously t e s t ed  60-rib model, but t h e  geometrical eff ic iency s t i l l  
tends t o  decrease rapidly as t h e  diameter r a t i o  i s  increased. 

> 

A curve showing the theore t ica l  geometrical e f f i c i enc ie s  which should be 
at ta ined with the sp l i t - r ib  concentrator f o r  various s i z e  calorimeters i s  shown 
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i n  f igure  11 along with t h e  experimentally obtained curve. 
values were obtained by assuming t h a t  t h e  r e f l ec t ing  surfaces between r i b s  were 
pe r fec t ly  f l a t  segments and t h a t  the spherical  calorimeter would intercept  a l l  
radiat ion re f lec ted  from those areas  of t h e  concentrator where the  f l a t  width w a s  
l e s s  than or equal t o  the diameter of the calorimeter and would f a i l  t o  in te rcept  
a calculated f r ac t ion  of t h e  radiat ion re f lec ted  from those areas  when t h e  f l a t  
width exceeded t h e  diameter of the  calorimeter. These areas  w e r e  determined by 
graphical in tegra t ion  using a projected view similar t o  f igure  1. It can be seen 
from the  theo re t i ca l  curve t h a t  t he  geometrical e f f ic iency  should increase with 
increasing calorimeter diameter u n t i l  a geometrical e f f ic iency  of 100 percent i s  
reached a t  a calorimeter diameter of 4 inches, which i s  a l so  the  maximum f l a t  
width of t h e  s p l i t - r i b  Concentrator. (See f i g .  4.) The experimental curve shows 
that t h e  ac tua l  concentrator does not reach a geometrical e f f ic iency  of 100 per- 
cent u n t i l  t he  calorimeter diameter i s  about 12 inches. 

The theo re t i ca l  

The l a rge  spread between the theo re t i ca l  and experimental values . indicates 
t h a t  t h e  r e f l ec t ing  surfaces between the r i b s  of t h e  concentrator deviate from 
perfect  f l a t n e s s  t o  such an extent  t h a t  t he  performance of the  concentrator i s  
considerably degraded. The e f f e c t s  of d i s to r t ions  i n  the  concentrator surface on 
t h e  e f f i c i enc ie s  of umbrella-type so la r  concentrators have been previously inves- 
t i ga t ed  both experimentally and theo re t i ca l ly  and t h e  r e su l t s  a re  reported i n  
reference 4. It w a s  concluded there in  t h a t  t h e  meridional tensions which are 
introduced when applying the  r e f l ec t ing  membrane t o  the  r i b s  f o r  the  purpose of 
eliminating wrinkles t h a t  develop t ransverse t o  the  r i b s ,  cause a d i s to r t ion  
toward the  a x i s  of symmetry of t h e  approximate paraboloid. This inward 'bowing 
e f f e c t "  on the  r e f l ec t ing  surfaces between the  r i b s  causes a dispersion of l i g h t  
rays i n  the theo re t i ca l  foca l  plane of t he  concentrator with a resu l t ing  l o s s  i n  
concentrating a b i l i t y .  

The d i s to r t ions  i n  the  concentrator surface and the  consequent degradation 
i n  the  geometrical e f f ic iency  can be r e l a t ed  t o  a stress-geometry parameter which 
i s  dependent upon the r a t i o  of t he  maximum s t r e s s  i n  t h e  
t h e  stress i n  the  circumferential d i rec t ion .  It i s  a l so  
e t r y  of t he  umbrella concentrator o r ,  more spec i f ica l ly ,  
radius  t o  the  foca l  length. For t h e  concentrator having 
angle subtended by t h e  radius of t he  concentrator r i m  as 
poin t ) ,  t h e  stress-geometry parameter can be shown t o  be 

where K i s  the stress 
the  r e f l ec t ing  membrane 

as,max K = 0.556 
QS 

meridional d i rec t ion  t o  
dependent upon the  geom- 
upon the  r a t i o  of t h e  
a 90' r i m  angle ( the  
seen from the  foca l  
( see re f .  4) 

parameter, i s  t h e  maximum stress which occurs i n  
i n  the  meridional d i rec t ion ,  and usr i s  t h e  stress i n  

t h e  membrane i n  t h e  circumferential d i rec t ion .  

lllIlllllll1ll1ll I1 II I I I 

The va r i a t ion  of t h e  geometrical e f f ic iency  with t h e  diameter of t h e  spher- 
ical. calorimeter f o r  various values of t he  stress-geometry parameter K i s  shown 
i n  f igure  12. 
and are taken from da ta  i n  reference 4. 

These curves are f o r  a 60-rib concentrator with a 90' r i m  angle 
It can be seen from t h i s  figure that 
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w i t h  K = 0 
e t e r  diameter of about 6.28 inches, which i s  a l so  the  maximum f la t  width f o r  a 
60-rib 10-foot-diameter concentrator. 
increased, d i s to r t ion  of t he  surface takes place and it i s  evident f romthe  
curves with K = 2 and K = 4 t h a t  f o r  any f ixed calorimeter s ize  the  geometri- 
c a l  eff ic iency decreases considerably w i t h  increasing stress parameter. 

a geometrical e f f ic iency  of 100 percent i s  obtained with a calorim- 

A s  the stress-geometry parameter i s  

i 

The experimentally obtained curve showing the  var ia t ion  of the geometrical 
eff ic iency of t h e  60-rib concentrator with the  calorimeter diameter i s  included I 
on the  graph of f igure  12 f o r  comparison with the theo re t i ca l  curves of d i f f e ren t  
values of K. 
stress-geometry parameter f o r  this concentrator l i e s  somewhere between K = 2 and 
K = 4. 
figure f o r  the  purpose of showing that the  improvement achieved by s p l i t t i n g  the 
r i b s  w a s  ac tua l ly  s m a l l  i n  comparison w i t h  w h a t  could be a t ta ined  with the 60-rib 
model i f  some method of reducing the  stress-geometry parameter alone were possible  
without s p l i t t i n g  the  ribs.  

The experimental curve f o r  t he  60-rib model ind ica tes  that the  

The experimental curve f o r  the  s p l i t - r i b  model i s  a l so  included i n  t h i s  

A method of i l l u s t r a t i n g  t h e  temperature capab i l i t i e s  of a so la r  concentrator 
i s  t o  show the  var ia t ion  with temperature of t he  r a t i o  of the energy removed from 
the  calorlmeter or  heat receiver t o  the  t o t a l  energy avai lable  from the  sun 
%/&Qi f o r  various diameter r a t io s .  
60-rib and the s p l i t - r i b  concentrators. 
of the  s p l i t - r i b  concentrator over the 60-rib model, but the  l imi ta t ions  on the  
obtainable temperatures are s t i l l  qu i t e  evident. 
percentage of t he  avai lable  energy which can be extracted f r o m t h e  system i s  
qui te  l o w .  

This i s  shown i n  f igure 13 f o r  both the 
Again there  i s  a noticeable hrprovement 

A t  t he  higher temperatures the  

A similar  p lo t  i s  shown i n  f igure 14 where the  three  curves p lo t ted  are f o r  
the  3-inch-diameter calorimeter. This allows a comparison of the  experimentally 
obtained curves f o r  the 60-rib and s p l i t - r i b  concentrators and the theo re t i ca l  
curve f o r  t h e  s p l i t - r i b  concentrator at  a f ixed diameter r a t io .  
i c a l  curve, a geometrical eff ic iency of 0.96 i s  assumed f o r  a 3-inch calorimeter 
as opposed t o  the experimental value of 0.407 (see f i g .  11). 
viously, the theo re t i ca l  curves are based on the assumption of perfect  f la ts  
corresponding t o  the  stress-geometry-parameter value approaching zero. 

For the  theoret-  

A s  explained pre- 

Calorimetric tests of t he  s p l i t - r i b  mibrella-type concentrator showed some 
degree of improvement over t he  60-rib model. However, comparison of the  experi- 
mental geometrical e f f i c i enc ie s  w i t h  t heo re t i ca l  values and correlat ion w i t h  the  
r e s u l t s  of data  reported i n  NASA TN D-923 indicate  that d i s to r t ions  of t he  con- 
centrator  surface due t o  an improper value of the  stress-geometry parameter are 
present and r e s u l t  i n  losses  i n  eff ic iency.  T h i s  invest igat ion has demonstrated 
t h a t  attempts t o  improve the  eff ic iency of an umbrella-type concentrator by 
increasing the  number of r i b s  without s ign i f icant ly  decreasing the  stress- 
geometry parameter r e s u l t  i n  improvements which a r e  small i n  comparison t o  what 
could be effected by reducing the stress-geometry parameter. Problems related 
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t o  reducing the  stress-geometry parameter do not appear incapable of solution. 
Signif icant  improvements will be effected i f  fu ture  design work i s  directed 
toward an optimization of both t h e  number of r i b s  and the  stress-geometry 
parameters. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., October 23, 1963. 
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Figure 1.- Sketch showing r i b  layout for sp l i t - r ib  concentrator. 
All dimensions are i n  inches. 
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Figure 2.- 10-foot-diameter split-rib solar energy concentrator. 
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Figure 3.- Side view of 10-foot-diameter spl i t - r ib  solar energy concentrator, showing r i b  arrangement. L-62-7419 
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Figure 4.- Variation of width of flats with distance from center of concentrator for the 
60-rib concentrator and the split-rib concentrator. 
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Figure 5.- 10-foot-diameter sp l i t - r ib  concentrator i n  folded position. 
L-62-7420 



Figure 6.- Design for 6.25-inch-diaeter calorimeter. All dimensions are  in inches. 
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Figure 7.- Cutaway sections of 6.25-inch-diameter spherical calorimeter. L-62-7418 
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Figure 8.- Schematic diagram of test setup for determination of calorimetric efficiency. 
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Figure 9.- Variation of geometrical eff ic iency with posit ion of calorimeter along theoret ical  
op t ica l  ax is  of the 10-foot-diameter sp l i t - r ib  concentrator. 
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Figure 10.- Efficiency of concentrator for various diameter ratios. 
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Figure ll.- Variation of geometrical efficiency with diameter of calorimeter for split-rib concentrator. 
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Figure 12.- Variation of geometrical efficiency with calorimeter diameter for 60-rib concentrator 
with 90' rim angle at different values of stress-geometry parameter K. 
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Figure 13.- Ratio of usable energy to  available energy f o r  various concentration r a t i o s  and heat receiver 
temperatures fo r  the 60-rib concentrator and sp l i t - r ib  concentrator. y ,  = 0.83; = 0.g6; Eb = 0.g6. 
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Figure 14.- Variation with temperature of ra t io  of usable energy t o  available energy fo r  3-inch-diameter calorimeter. 
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